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FOREWORD

The HP PASCAL source code contained in pages 6 through 104 was developed for
the Mission Planning and Analysis Division (MPAD) of NASA/JSC, and takes the
place of detailed flow charts defining the specifications for a Utility Soft-
ware Unit designed to support orbital flight simulators such as MANHANDLE and
GREAS (General Research and Engineering Analysis Simulator). Besides provid-
ing basic input/output, mathematical, vector, matrix, quaternion, and statis-
tical routines for such simulators, one of the primary functions of the Util-
ity Software Unit is to isolate all system-dependent code in one well-defined
compartment, thereby facilitating transportation of the simulations from one
computer to another.

Pages 1| and 2, respectively, contain directives to the PASCAL compilers of
the HP-9000 Series 200 Pascal 3.0 operating system and the HP-39000 Series 500

HP-UX 5.0 operating system that produce --- in each system --- a single file
of relocatable code from four separate files of source code. Three of the
source code files ('Utilmath.I', 'Utilvemg.I', and 'Utilstat.I') are common

to both operating systems. The fourth source code file ('UTILSPIF.I' for the
Pascal 3.0 system and 'utilspif.l’ for the HP-UX 5.8 system) contains all of
the system—dependent PASCAL code for the Utility Software Unit. A fifth file
of source code written in the C language (’utilscif.c’, listed on pages 3
through 5) is required to interface 'utilspif.I’ with the HP-UX "curses"
hardware-independent terminal input/output package, which uses "¥# define"”
statements extensively to define C pseudofunctions that cannct be called

directly from a PASCAL routine.

Pages 1@5 through 107 contain the Pascal 3.0 compiler directives and the
driver source code for a unit test program. Its counterpart for the HP-UX
5.0 operating system is contained in pages 108 through 110. The major
portion of the unit test program source code (pages 111 through 138) is
common to both operating systems. Unit test resulis from the Pascal 3.0
operating system are shown on pages 137 through 152. The results from the
HP-UX operating system are shown on pages 153 through 1868.

Because its portability is limited to Hewlett-Packard computers, HP PASCAL is
not regarded as the best language for ultimate implementation of general
purpose software. However, pending the availability of an ADA compiler for
MPAD's mainline computers, its unigue features and versatility make it the
best medium at hand for the development, testing, and maintenance of softuare
specifications (which, as distinguished from executable code, is the primary
subject of this document). The fact that interim or prototype executable
programs can be implemented (on Hewlett-Packard computers) simply by compil-
ing the source code that serves as the software specification is5 considered
to be advantageous, but it was not the reason for choosing HP PASCAL as the
medium for specification.
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module UTILDUMMY ;

begin File 'UTILUNIT.TEXT® ?

Utility Software Unit for HP-90@0 Model 216 with Pascal 3.0 Op Sys 1}

NASA/JSC/MPAD/TRU Sam Wilson }
Updated Fri Apr 11 01:43:49 1986 }

This construct binds several related PASCAL modules into a single compila-
tion unit so that the relocatable code produced by the compiler will reside
in one file rather than in many, thus simplifying input instructions to the
operating system's linker/loader when combining it with other relocatable
code to produce an executable program. To simplify editing, the source
code for each functional module resides in a separate file, each being
named in an “include" directive to the compiler (see below).

Except for the INVERT_MATRIX and DIAGONALIZE_SYMMATRIX procedures in module
UTILMATH, the input parameters for every exported function and procedure
defined in the Utility Software Unit are passed "by value" rather than

"by reference”. This means that the input values are assigned to local
variables within the called routine, and that no reference to an input var-
iable by the called routine can modify anything other than the local copy.
It also makes it possible in the calling routine to substitute any expres-—
sion of the proper type (even a named or a literal constant) for any formal
input parameter in the argument list of the called routine, thus often
simplifying the code quite a bit. For instance, the single statement

OUTPUT_ANG := ANGDEG( ATAN2( 1.5L0, DOTP( POS, ZUNVEC ) ) ) ;

would have to be replaced by a sequence something like

U := ZUNVEC ;

X := DOTPC POS, V ) ;

Y := 1.5L0 ;

A = ATAN2C Y, X ) ;
ODUTPUT_ANG := ANGDEG( A ) ;

if the inputs to ANGDEG, ATAN2, and DOTP were passed by reference, because
only a variable name is allowed to replace a formal parameter that is
passed by reference.

Sysprog On $

Switch_strpos $

$ list off $ } $ include *Utilmath.I.' & { % list on $ »
$ list off & ) $ include *UTILSPIF.I.' % { % list on $ }
$ list off & } $ include 'Utilvemg.I.’ & { % 1list on ¢ }
$ list off $ » $ include 'Utilstat.I.' % { % list on $ >

o function: just terminates compilation tidily

{n
export type SOMETHING_TO_SATISFY_COMPILER = boolean ;
implement
end . { File "UTILUNIT.TEXT® }

¥A4A714A65Q4 1
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module UTILDUMMY ;

begin File ’utilunit.p® »

Utility Software Unit for HP-9000 Series 500 with HP-UX 5.8 Op Sys }

NASA/JSC/MPAD/TRW Sam Wilson }
Updated Thu Apr 10 23:01:06 1986 }

This construct binds several related PASCAL modules into a single compila-
tion unit so that the relocatable code produced by the compiler will reside
in one file rather than in many, thus simplifying input instructions to the
operating system's linker/loader when combining it with other relocatable
code to produce an executable program. To simplify editing, the source
code for each functional module resides in a separate file, each being
named in an "include" directive to the compiler (sese below).

Except for the INVERT_MATRIX and DIAGONALIZE_SYMMATRIX procedures in module
UTILMATH, the input parameters for every exported function and procedure
defined in the Utility Software Unit are passed "by value" rather than

"by reference"”. This means that the input values are assigned to local
variables within the called routine, and that no reference to an input var-
iable by the called routine can modify anything other than the local copy.
It also makes it possible in the calling routine to substitute any expres-
sion of the proper type (even a named or a literal constant) for any formal
input parameter in the argument list of the called routine, thus often
simplifying the code quite a bit. For instance, the single statement

OUTPUT_ANG := ANGDEG( ATAN2( 1.5L0, DOTP( POS, ZUNVEC ) ) ) ;

would have to be replaced by a sequence something like

U := ZUNVEC ;

X := DOTPC POS, V ) ;

Y := 1.5L0 ;

A = ATAN2C Y, X ) ;
OUTPUT_ANG := ANGDEG( A ) ;

if the inputs to ANGDEG, ATAN2, and DOTP were passed by reference, because
only a variable name is allowed to replace a formal parameter that is
passed by reference.

standard_level 'hp_modcal® ¢

type_coercion 'noncompatible’ $

$ list off $ $ include 'Utilmath.I' % { &% list on $ }
type_coercion ’conversion’ $

$ list off & 3 $ include 'utilspif.I’ & { $ list on ¢ »
$ list off $ )} $ include 'Utilvemg.1’ $ { % list on % >
$ list off ¢ 3 % include 'Utilstat.I’' { % list on % }

no function: just terminates compilation tidily

{
export type SOMETHING_TO_SATISFY_COMPILER = hoolean ;
implement
end . { File 'utilunit.p’ }

¥89924FDA4
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/% begin File 'utilscif.c® %/

/* Utility Software Unit for HP-3000 Series 500 with HP-UX 5.0 Op Sys =*/

void main() {} /% Subject : System/C Interface =/
/* Domain : Universal */
/* NASA/JSC/TRW Sam Wilson */

/* Updated Thu Apr 10 23:13:32 1986 #/

/* This compilation unit contains the C functions */
/* required to interface the PASCAL code with the +*/
/* appropriate HP-UX utility routines. */

¥ include <curses.h>

void clearline()
{
int row ;
int col ;
getyx( stdscr, row, col ) ;
move( row, 0 ) ;
clrtoeol() ;
refresh() ;

void clearscreen()
{
clear() ;
refresh() ;

void fetchpac( s ) char *s ;
{
getstr( s ) ;

void ioinitialize()
{
initscr() ;
refresh() ;

void iouninitialize ()

{
endwin{ ) ;
exit( @ ) ;
>
[ e e e e e %/

yCRChrCcons =4
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void moveuplrow()
{
int row ;
int col ;
getyx( stdscr, row, col ) ;
move( row-1, col ) ;
refresh() ;

void setbrightblinki()
{
attrset( A_BLINK ) ;

void setcbreak()
{
chreak() ;

void setcecho()
{
echo() ;

void setcwait()
{
nodelay( stdscr, FALSE ) ;

void sethalfbrighti()
{
attrset( A_DIM ) ;

void setnocbreak()
{

nocbreak() ;

void setnocecho()
{

noecho() ;

¥ 1ARKRCNRR 2.
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void setnocwait()
{
nodelay( stdscr, TRUE ) ;

void setnormalvideo()
{
attrset( A_NORMAL ) ;

void showpac{ s ) char #s ;

{
addstr( s ) ;
refresh{) ;
¥
f H e e e e e ———— */

int kbdcharcode()
{
return getch()

/¥ end File 'utilscif.c' */

XQA7DA1 AR —



File *Utilmath.I® Page

$ page $

{ begin File U

1 Printed

tilmath.I' }

{ Utility Software Unit for HP-90800 Series 200/300/500 Computers }

module UTILMATH ; { Subj

export

const

NS MAr AT A

{ Doma

{ NASA

ect @ Mathematics ?}
in : Universal ¥
/JSC/MPAD/ TRW Sam Wilson ¥

{ Updated Sat Apr 12 15:23:58 1986 }

UNITOL = 4.0L~

ZERO = 0.0L0
ONE 1.0L0
TWO 2.0L0
THREE = 3.0L0
FOUR = 4.0L0
FIVE = 5.0L0Q
SIX = 5.0LO
SEVEN = 7.0L0
EIGHT = 8.0L0
NINE 9.0L0
TEN = 10.0L0
DEGPERRAD = &5

HAFPI = 1

PI = 3

RADPERDEG = 1

TWOPI = b

MAXMATORDER

MAXSQUAREINDEX
MAXTRIANGINDEX

Wed Apr 16 ©08:48:24 1986

14 ; { arithmetical error tolerance for computed ?
{ lengreal values on the order of unity

.7295779513082325L+1
.5707963267948966L+0
.1415926535887932L+0 ;
.74532925199432950L -2
.2831853071795864L+0 ;

]

12 5 { max order of

{ degrees per radian
{ pi / 2

{ pi

{ radians per degree
{ 2 * pi

matrx to be invrid or diagnlzd

MAXMATORDER * MAXMATORDER ;
( MAXMATORDER * ( MAXMATORDER + 1 ) ) div 2 ;

}

B N

(o)



File "Utilmath.I® Page 2
$ page $
type
MATROWCOLNUM =

DIAGMAT =

array [ 1..MAXMATORDER ] of longreal ;

{
{
{
{

TRIANGMAT =
array [

At A S A S A A S N S A A A A

SQUAREMAT =

Printed

1. .MAXMATORDER ;

N A AN A A

n <= MAXMATORDER are st

Mii,13, ML2,2

1,

. .

1..MAXTRIANGINDEX 1 of longreal; <

{
{
n <= MAXMATORDER are st
MOL,11,
M[1,21, M[2,21,
MOL,nd, M[2,n1, ..
or
MO1,17,
ML2,11, M2,21,
Mln,11, MIn,21, ..

depending on whether M

an array in which
the nonzero elements
of a diagonal

matrix M of order
ored in the sequence

an array in which
the nonzero elemnts
of a triangular
matrix M of order
ored in the sequence

Min,nl,

is an upper or a

lower triangular matrix.

array [ 1..MAXSQUAREINDEX 1 of longreal ;

{
{
{
{
{
{
{

n <= MAXMATORDER are stored in the sequence

MO1,173, MC1,213,
Miz2,11, MI2,21,

an array in which
the elements
of a square
{ matrix M of order

L T T

{ which is the PASCAL storage order for the
{ elements of a two-dimensional n x n array.

(YE aler RNl ok ool by ]

—
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% page

function

function

function

function

function

function

function

function

function

I W Gy

$

INTC X ¢ longreal ) : integer ;

{ INT is equivalent to the HPL "int" function (also known as
{ the "floor" function). 1Its value, which is returned to the

{ calling routine on the stack, is the greatest integer
{ NOTE: INT¢( X ) is not equal to trunc( X ) when X < 0

FRAC({ X : longreal ) : longreal ;

{ FRAC is equivalent to the HPFL "frc" function, which is

<= X.

never

{ negative. Its value, X - INT( X ), may be different from

{ the casual expectation when X < 0

RMOD( Y, X : longreal ) : longreal ;

{ The value of RMOD( Y, X ) is zero when X = 0; otherwise its
{ value is Y - X # INT( Y/X ). RMOD( Y, X ) is in a sense the

{ (longl)real equivalent of the integer expression *J mod

RSIGN( X : longreal ) : integer ;

{ This is the "sign" function of a (long)real number. I
{ value is -1 if X < @ ; otherwise its value is +1 .

ISIGNC I : integer ) : integer ;

{ This is the "sign" function of an integer number. Its
{ value is -1 if X < @ ; otherwise its value is +1
IMAXC J, I : integer ) : integer ;

{ This is the integer "maximum" function. Its value is
{ greater of its two arguments.

IMINC J, I : integer ) : integer ;

{ This is the integer "minimum" function. Its value is
{ lesser of its two arguments.

RMAX( Y, X : longreal ) : longreal ;

{ This is the (longireal "maximum" function. 1Its value
{ greater of its two arguments.

RMINC Y, X : longreal ) : longreal ;

{ This is the (longireal "minimum" function. Its value
{ lesser of its two arguments.

I~.
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$ page $
' function ANGDEG( X : longreal ) : longreal ;

{ This function converts an angle from radian measure to de- }
{ grees. Normally it is used to convert internal values to }
{ measurement units suitable for output. ANGDEG is unique in
{ that angles output by every other function defined in this b
{ module are measured in radians. >

function ANGRAD( X : longreal ) : longreal ;
{ This function converts an angle from degree measure to rad- }
{ ians. Normally it is used to convert external values sup-— }
{ plied by the user to measurement units suitable for internal }
{ computations. ANGRAD is unique in that the input value must »
{ of course he measured in degrees, whereas angles input to ¥
{ every other function defined in this module must be measured »
{ in radians. }

function ANG1( X : longreal ) : longreal ;
{ The value of ANGL1( X ) is the angular equivalent of X that }
{ lies in the range of @ <= ANG1(X) < TWOPI. }

. function ANGZ( X : longreal ) : longreal ;

{ The value of ANG2{ X ) is the angular equivalent of X that b
{ lies in the range of ~PI < ANG2(X) <= PI. ¥

function ATAN2¢ Y, X : longreal ) : longreal ;
{ The value returned by this function subprogram always lies >
{ in the range of =PI < ATAN2(Y,X) <= PI and is equal to Y
{ arctangent( Y/X ) in the guadrant where the sine and cosine »
{ of the angle have the signs of Y and X, respectively. It is }
{ equivalent to the FORTRAN function of the same name, except ?}
{ that ATANZ2(0,0) ~-- undefined in FORTRAN --- is zero. }

function ATANL( Y, X : longreal )} : longreal ;

{ ATAN1 is similar to ATANZ, except @ <= ATANI(Y,X) < TWOPI.

(Y aSelatel il N aske ] Lo
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$ page %

function

function

function

function

¥RIACAINT7A

HMS( X : longreal ) : longreal ;

{ HMS converts X (time measured in seconds) to hours, minutes,
{ and seconds, and returns the result packed into a longreal

{ number. HMS( X ) has the sign of X and the form hmm.ssf,

{ where h represents however many decimal digits are required
{ to express the number of whole hours, mm and ss represent

{ the number of additional whole minutes and seconds, and f

{ represents the remaining decimal fraction of a second. For
{ example, HMS( 36385.874 ) = 1006.25874 '

R R N L S

SECS( X : longreal ) : longreal ;

{ SECS is the inverse cof the HMS function. It converts a time
{ X --- expressed in hours, minutes, and seconds, and packed

{ into a longreal number of the form hmm.ssf --- to the equiv-
{ alent number of seconds, returning the result as a longreal
{ number. For example, SECS( 1006.25874 ) = 36385.874

WO N N

JULIAN_DAYNUM( YEAR , MONTH , DAY : integer ) : integer ;

This function returns the number of the Julian day beginning }
at noon on the date defined by YEAR, MONTH, and DAY numbers 3}
in the Gregorian (i.e., civil) calendar. For example, }
JULTIAN_DAYNUM( 1980, 4, 2 ) = 2444332 is the number of the b
Julian day beginning at noon on 2 April 1980. b

A AN A AN N

TRIANG_INDEX( i, j : MATROWCOLNUM ) : integer ;

{ The value of this function is the one-dimensional index (in
{ an array of the type TRIANGMAT) of the element M[i,jl from a }
{ triangular matrisx M. ¥



File 'Utilmath.I’ Page & Printed Wed Apr 16 ©08:48:24 1986

$ page $

procedure INVERT_MATRIX ¢ anyvar MATRIX : SQUAREMAT ;
‘ ORDER : MATROWCOLNUM ;

anyvar INVERSE : SQUAREMAT )
Given (in MATRIX) the elements of a square matrix of order
no greater than MAXMATORDER, this procedure will compute the
elements of its inverse (if it exists) and return them to
the calling routine in the output variable INVERSE. The
“anyvar" notation in the parameter list causes the normal
PASCAL type-checking rules to be relaxed, and makes it per-
missable in the calling routine to substitute, for MATRIX
and INVERSE, the names of variables that are not actually
declared to he of the type SQUAREMAT. For example, the
calling routine might legitimately contain the following
statements:

type
MAT4X4 = array [ 1..4, 1..4 1 of longreal ;
MATSXS = array [ 1..9, 1..9 1 of longreal ;
var
L MAT4X4
M MAT4X4 ;
N MATI9XI
. begin

INVERT_MATRIX ( L, 4, M ) ;
INVERT_MATRIX ¢ N, 9, N ) ;

end

fis indicated by the second reference to INUERT_MATRIX, it
is permissable to substitute the same variable name for
MATRIX and INVERSE if one wishes to overwrite the original
matrix with its inverse.

L T I T T i N I e T e T e T T T s U N U N U U W WA
BN N N R N Y N Y N Y N R e e N N N N M N N Y W Y W N N e N Y o N e

Program execution will be aborted with an escapecode of 990!
if the input matrix turns out to be singular, and no value
will be assigned to INVERSE. The reference to INVERT_MATRIX
should be embedded in a "try/recover" construct if it is
desired to provide exception-handling code in the calling
routine to recover from such an eventuality.

AN A A A A
R e e
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$ page $
procedure DIAGONALIZE_SYMMATRIX ( anyvar SYMMET ¢ TRIANGMAT i
ORDER : MATROWCOLNUM
TOLRATIO : longreal H
anyvar DIAG : DIAGMAT ;
anyvar ORTHOG : SQUAREMAT Y

¥NAr7E?27
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Given (in SYMMET) the unique elements of a symmetric matrix
S of order no greater than MAXMATORDER, this procedure uses
the Jacobi method of iteration to find an orthogonal matrix
M that will transform an unknown diagonal matrix D into S by
use of the eguation § = T * D * M, where "*" is the matrix
multiplication operator and 7 is the transpose of M. Itera-
tion ceases when a value of M is found such that every
off-diagonal element of an approximated diagonal matrix,

D' =M =* S+ T, has an absolute value no greater the product
of the input parameter TOLRATIO with the root-mean-square
magnitude of the diagonal elements of D (which can be com-—
puted easily even though the individual elements of D are
unknown). After the convergence test is satisfied, the di-
agonal elements of the approximation D' are returned to the
calling routine as components of the output variable DIAG
and the final value of M is returned in the output variable
ORTHOG.

If D' has not converged to the specified tolerance after a
reasonable number of iterations (5@ times the order of §),
the values of M and D’ are NOT returned to the calling
routine, and program execution is aborted with an escapecode
of 3902. The reference to DIAGONALIZE_SYMMATRIX should he
embedded in a "try/recover" construct if it is desired to
provide exception-handling code in the calling routine to
recover from such an eventuality.

fis in the case of the INVERT_MATRIX procedure, use of the
“anyvar® notation in the parameter list makes it possible in
the calling routine to substitute (for SYMMET, DIAG, and
ORTHOG) the names of variables that are not actually de-
clared to be of the types indicated in the formal parameter
list. The DIAGONALIZE procedure code in the UTILVEMQ module
contains an example of DIAGONALIZE_SYMMATRIX usage.

R T L ik I R VR R R T R
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$ page $

implement

type
DIAGPOINTER = "“DIAGMAT ;
SQUAREPOINTER = "SQUAREMAT ;
TRIANGPOINTER = "“TRIANGMAT ;
var
INV : SQUAREPOINTER ;
MAT : SQUAREPOINTER
MATORDER : integer ;
SYM : TRIANGPOINTER ;

function SQUARE_INDEX ( i, j : MATROWCOLNUM ) : integer ; forward ;
procedure EXCHANGE_ROWS ( i, j : MATROWCOLNUM ) i forward ;

A

¥13F17FC1 1
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$ page %
. function INT( X : longreal ) : integer:
var
I : integer ;
begin

I := trunc( X ) ;
if X < ZERO then
if X <> I then

I :=1 -1
INT := 1 ;
end ;
function FRAC( X : longreal ) : longreal ;
var

F : longreal ;

begin
F o= - trunc( X ) ;
if F < ZERO then

F :=F + ONE ;

FRAC := F ;
‘II' end ;

function RMOD( Y , X : longreal ) : longreal ;
begin
if X = ZERO
then RMOD := ZERO
else RMOD = Y - X = INTC Y / X ) ;

end ;

¥YR2MPQERCR 4 1
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$ page $

'Utilmath.

I Page 10 Printed

function RSIGN( X : longreal ) integer ;
begin
if X < ZERO
then RSIGN := -1
else RSIGN := 1 ;
end ;
function ISIGN( I : integer ) integer ;
begin
if I <0
then ISIGN := -
else ISIGN := | ;
end ;
function IMAX( J , I integer ) integer ;
begin
if I >4
then IMAX I
else IMAX := | ;
end ;
function IMINC J , I integer ) integer ;
begin
if I < J
then IMIN := I
else IMIN := J ;
end ;
function RMAX( Y , X longreal ) longreal ;
begin
if Y > X
then RMAX := Y
else RMAX := X ;
end ;
function RMINC Y , X longreal ) longreal ;
hegin
if Yy < X
then RMIN := Y
else RMIN := X ;
end ;
¥4773893473 1=
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function ANGDEG( X : longreal ) : longreal ;

begin
ANGDEG := X
end ;

*

DEGPERRAD

function ANGRAD( X : longreal ) : longreal ;

begin
ANGRAD := X
end ;

*

RADPERDEG

function ANGL( X : longreal ) : longresal ;

begin
ANG1 := TWORPI * FRAC( X / TWORI ) ;
end ;
function ANGZ( X : longreal ) : longreal ;
var
A : longreal ;
begin

A := TWOPI * FRAC( X / TWOPI ) ;
if A > PI then A := A - TWOPI ;
ANGZ := A ;

end ;

¥ 1 NAF4RRE 1 =
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function ATAN2( Y , X

var

begin
YSsQ
X5Q
ifCy

ATANZ2
end ;
function A
begin

ATANIL
end ;

¥RZ704aRAQ

= 5qr( Y )
= sqr( X ) ;
)

math.I’ Page 12 Printed

longreal ) longreal ;

A ¢ longreal
X5Q longreal ;
YSQ longreal

5Q + XSQ = ZERO

then A := ZERO
else

begin

if YSQ > XSQ

then

A = HAFPI - arctan( X / abs{ Y ) )
else

begin

A = arctan( abs( Y ;
if X ¢ ZERO then A := PI - A ;
end ;

~
>
~-
~

if Y < ZERO then A := -A ;
end ;

= A
TANLC Y , X

longreal ) longreal ;

:= ANGL1( ATANZC Y, X ) )

Wed Apr 16 08:48:24 1988F
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‘ function HMS( X : longreal ) : longreal ;
var
A : longreal ;
H : integer ;
M : integer ;
S : longreal ;
begin

A = abs( X ) ;
H := trunc{ A/3600 ) ;

M = trunc( A/BQ ) - BO*H ;
S :=A-60* ( M+ BOBxH ) ;
HMS := RSIGN( X ) * ( 10@0*H + M + S/100 ) ;
end ;
function SECS( X : longreal ) : longreal ;
var
A : lengreal
H : integer
M : integer
‘ S : longreal ;
begin

A := abs( X ) ;
H := trunc( A/100 ) ;
= trunc( A ) - 10@+H ;
S := 100 * ( A - M - 100*H ) ;
SECS := RSIGN( X ) * ( GO * ( BO*H + M ) + S ) ;
end

=
I

function JULIAN_DAYNUM( YEAR , MONTH , DAY : integer ) : integer

var
D : integer ;
I : integer ;
begin
if MONTH < 3
then I := 1
else I := 0 ;
D := DAY - 32075 + ( 1461 » { YEAR + 4820 - T ) div 4 ;
D :=D + ( 367 # ( MONTH - 2 + 121 ) ) div 12 ;
D:=D-(¢3 % ( ( YEAR + 4300 - I ) div 100 ) ) div 4 ;
JULTAN_DAYNUM := D ;

"I’ end ;

¥GER714RG1 1 =
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function TRIANG_INDEX( i, j : MATROWCOLNUM ) : integer ;

var
h + MATROWCOLNUM ;
k = MATROWCOLNUM ;
begin
h == IMINC i, j ) ;
ko= IMAXC 1, j ) ;
TRIANG_INDEX := h + ( k # ¢ k= 1) ) div 2 ;
end ;
function SQUARE_INDEX( i, j : MATROWCOLNUM ) : integer ;
begin
SQUARE_INDEX := j + ( i - 1 ) * MATORDER ;
end ;

vyaasomeainr 49



File "Utilmath.I’ Page 15 Printed Wed Apr 16 @8:48:24 1986

$ papge $
‘ procedure INVERT_MATRIX ( anyvar MATRIX : SQUAREMAT i
ORDER ¢ MATROWCOLNUM ;
anyvar INVERSE : SQUAREMAT )
var
BESTROW : MATROWCOLNUM ;
BESTVAL : longreal ;
i : MATROWCOLNUM
ij ¢ integer ;
ik ¢ integer ;
J : MATROWCOLNUM ;
3 : MATROWCOLNUM
K j : integer ;
Kk : integer i
MIK : longreal ;
X : longreal ;
Y ¢ longreal H
Z : longreal ;
begin
MATORDER := ORDER
new ( MAT ) { allocate storage for working copy of MATRIX
new ( INV ) ; { allocate storage for working copy of INVERSE »
BESTVAL := ZERO ;
for i := 1 to MATORDER do
‘ for j := 1 to MATORDER do
begin
ij = SQUARE_INDEX( i, j ) ;
if j =1

then INV"[ijl := ONE
else INU [ij1] ZERO
MAT*[ij] = MATRIX[ij] ;
if j =1 then
begin
X = abs({ MAT"[i31 )
if X > BESTVAL then

begin

BESTVUAL := X
BESTROW := i ;
end ;

end ;
end

VOO Q7 ACCO oy
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for k :=
begin { k loop }

if BESTVAL =

if BESTROW <> k
EXCHANGE_ROWS
SQUARE_INDEX
ONE / MAT"[kk

kk =
X =
for j :=
begin

ki =
MAT"[kj] :=

INV (k)T =

end ;
BESTVAL :=
for i =1
if i <y k
begin

ik =

MIK :=

for j :=

ZERQ

the

ZERD then
then

!
(
]

1 to MATORDER

SQUARE_INDEX(

n

Printed Wed fipr 16 08:48:24 1986

1 to MATORDER do

escape ( 9901 ) { MATRIX is singular ¥
k, BESTROW » ;
by, k )

do

b, § 3

X * MAT Tkjl s
X * INVU Lkjl ;

to MATORDER do

{ nullify column k of row i in MAT }

SQUARE_INDEX( i, k ) ;
MAT"[ik]1

1 to MATORDER do

begin
:= SQUARE_INDEX( i, j ) ;
:= SQUARE_INDEX( k, j )

ij
k j
Y
z
MAT

INVELjY &=

if

n

(

MAT"Tij])

MIK * MAT [k

(ijl :=Y - 17 ;

INV"Tij) = MIK = INU~[kjl ;
J = k+l ) and ( i > k ) then
begin
X o=
if X

RMAX( abs( Y ),
> IERQ then
begin
X :=
if X

abs( Z ) ) ;

abs( MAT"Lijl /7 X ) ;
> BESTUAL then

begin
BESTUAL
BESTROW
end ;

it

X s

H

end
end ;

end ;

end ;

end ;5 { k loop }
for 1 :=
for j :=

begin

ij = SQUARE_INDEX(

INVERSELij]
end ;
dispose( MAT ) ;
dispose( INV ) ;
end ;

YCTICA1IDOCMA

1 to MATORDER do
1 to MATORDER do

i, 3 7
INVSLiG]

{ release temporary storage
{ release temporary storage }
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‘ procedure EXCHANGE_ROWS ( i, j

var
ik = integer ;
Jk : integer ;
k.« MATROWCOLNUM ;
X : longreal ;
Y : longreal ;

begin

for k := 1 to MATORDER do
begin
ik = SQUARE_INDEX(
jk = S5QUARE_INDEX(
X = MAT"Lik] ;
Y == INVU*Lik] ;
MAT*Lik] := MAT"Ljk1]
INU*Tik] = INU"[ jk]
MAT "L jk} == X ;
INVALjk] ==Y ;
end ;

end

VAZOMNTZON

i,
Js

3

’

Printed

MATROWCOLNUM )

k)
| S

’

Wed Apr 16 08:48:24 1988
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‘ procedure DIAGONALIZE_SYMMATRIX ( anyvar SYMMET : TRIANGMAT ;
ORDER : MATROWCOLNUM ;
TOLRATIO : longreal ;
anyvar DIAG : DIAGMAT ;
anyvar 0ORTHOG : SQUAREMAT )
var
ADJUSTED : boolean ;
CA : longreal ;
CASQ : longreal
i : MATROWCOLNUM ;
ii : integer ;
ij ¢ integer ;
ik : integer ;
ITNUM ¢ integer ;
J : MATROWCOLNUM ;
i : integer ;
Jjk ¢ integer ;
k : MATROWCOLNUM ;
MAXITERATIONS : integer ;
RMSEIGENVAL : longreal ;
SA : longreal ;
SASQ ¢ longreal ;
THRESH : longreal
‘ TOL ¢ longreal ;
X : longreal ;
Y : longreal ;
YSACA : longreal
z ¢ longreal ;

begin { procedure DIAGONALIZE_SYMMATRIX »
MATORDER := ORDER

new( SYM ) { allocate storage for working copy of SYMMET ?
new( MAT ) ; { allocate storage for working copy of ORTHOG »
Y := ZERO ;
Z = ZERO

for i := 1 to MATORDER do
for j := 1 to MATORDER do

beqgin
ij = SQUARE_INDEXC i, j )
if j=i
then MAT"[ij]l := ONE
else MAT"[1j] := ZERO ;

if j >= 1 then
begin
ij = TRIANG_INDEX( i, j ) ;
X = SYMMETI[ij]
SYM*[ij) := X ;
if jo=i
then Y :
. , else 7 :
end
end ;
RMSEIGENVAL := sqrt( ( Y + Z + Z ) / MATORDER ) ;
TOL := RMSEIGENVAL * TOLRATIO
THRESH := sqrt( Z ) / MATORDER ;

it

Y + sqr( X )
Z+ sqr{ X ) ;
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MAXITERATIONS

ITNUM

=0

repeat

[V el ot aaf o ¥ ol oW ol 0}

ADJUSTED
for j :i=

~

&

Page 18 Printed

50 * MATORDER

false
to MATORDFER do

begin { j loop }

JJ
for

end

i

TRIANG_INDEX¢ j, j )
1 to j - 1 do
begin { i lcop }
ii = TRIANG_INDEX(
ij TRIANG_INDEX¢C i, j )
if abs( SYM"[ijl ) » THRESH then
begin { matrix adjustment
X = SYM"[ii]l - SYM"[jjl ;
Y TWO * SYM"T[ijl s
Z Y / sgrt( sqr( X ) + s
if X < ZERO then Z -7
SA := Z / sgrt( TWO*(ONE+sqg
SASQ sqr{ SA ) ;
CASQ := ONE - SASQ ;
CA sqrt( CASQ ) ; «
YSACA =Y *» SA = CA ;
Z = SYM"[ii] ;
SYM"[1iil 7 + CASQ
SYM*Ljjl 7 * SA5Q
SYM™Lij1 := ZERO i { but ne
for k := 1 to MATORDER do
begin
if k< i
if k

i, i)

il

]

[

CA

+ YSAC

fl

then

<» j then
begin

ik
Jk
Z = SYM[i
SYM [ ik]
SYM L jk]
end ;
SQUARE_INDEX(
SQUARE_INDEX(
MAT [ ik]
MAT L jk1 *
MAT L jk] =

#l

ik
jk
7 =
MAT L[ ik]
MAT" [ jk1
end ;

ADJUSTED true ;

end ;5 { matrix adjustment }

end 5 { i loop }
{ j loop ¥

i,
Js

1f

if not ADJUSTED then

if THRESH >

ITNUM :=
if ITNUM

I

.,

7

TOL then

begin { threshhold adjustment }
THRESH := THRESH / MATORDER ;
ADJUSTED := true

end ; { threshhold adjustment »}
TNUM + 1

MAXITERATIONS then escape ( 990

until not ADJUSTED ;

TRIANG_INDEX(
TRIANG_INDEX(

Wed Apr 16 08:48:24 1986

gr{ Y ) )

rt( ONE-sqr( Z ) 1)) ) ;

cosine of rotation angle ?»

A+ SYM"[jj]1 * SASQ ;

YSACA + SYM"L[jjl » CASQ ;

=t rotation may change it ?}

i, ko)

Js ko)

k1 s

SYM"[jk]l = SA + Z * CA ;
SYM*"[jk]l = CA - Z * SA ;

koo

koY

SA + Z » CA ;

CA - Z % SA
2 ) 5 { abort pgm exect'n }
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for i:= | to MATORDER do

begin

ii = TRIANG_INDEXC i, i ) ;

DIAGLi] := SYM"[ii] ;

for j = 1 to MATORDER do
begin
ij = SQUARE_INDEX( i, j )
ORTHOGLij]1 == MAT"[ijl ;

end
end ;
dispose( SYM ) ; { release temporary storage }
dispose( MAT ) ; {

{ release iemporary storage }
end i { procedure DIAGONALIZE_SYMMATRIX 1}

end ; { module UTILMATH & File 'Utilmath.I®' %
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{ Utility Software Unit for HP-9000 Model 216 with Pascal 3.0 Op Sys ?

{ b